Abstract: Doppler shift observations of several spacecrafts during near Earth flybys show an unexplained frequency shift. This shift is interpreted as an unexpected velocity change called Earth flyby anomaly. A theory of non-privileged reference frames is used to study the Doppler shift in such frames which are experimentally justified by the measured dipole anisotropy of the cosmic microwave background (CMB) in the solar system. The system in which the CMB is isotropic defines the privileged reference frame. The calculated frequency shift in non-privileged reference frames may give an explanation of the anomalous Earth flybys.
Introduction
The motions of several spacecrafts are studied during near Earth flybys. The Doppler frequency shifts of spacecrafts shortly before and after their nearest motions to the Earth are measured. The received anomalous frequency shift is interpretated as unexplained velocity change of the spacecraft (see e.g. [1, 2] ). In this preprint a possible explanation of this anomalous Earth flyby is given. It is based on privileged and non-privileged reference frames. The measured dipole anisotropy of the CMB in the solar system gives a motion of the Sun (non-privileged frame) with fixed velocity and direction with regard to a frame (privileged frame) in which the CMB radiation is isotropic. Privileged frames in which the ligth velocity is isotropic result from the MichelsonMorley experiment. These initial systems imply the well-known Lorentz transformations leaving invariant the line-element of the pseudo-Euclidean geometry. From the mathematical point of view there exist line-elements in which the light velocity is direction dependent but the result of Michelson-Morley holds too. These reference frames are called non-privileged frames and are studied by several authors. Subsequently, the theory and the results of the paper of Petry [3] about privileged and non-privileged frames are used. The Doppler frequency formula in the non-privileged reference frame of paper [3] indicates the possibility of an anomalous Earth flyby of spacecrafts. The lack of experimental results of the velocity directions of the spacecraft shortly before and shortly after the nearest Earth flyby with regard to the direction of the CMB dipole anisotopy does not allow to apply the formula for the calculated Doppler frequency anomaly. But estimates may be in agreement with the observed anomalous flybys.
Privileged and Non-Privileged Frames
In this section some results of paper [3] are stated. There exists a privileged reference frame ' Σ in which the pseudo-Euclidean geometry holds, i.e.
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Here, ).
The wellknown Lorentz transformations do not change the line-element (2.1) with (2.2). In addition to the privileged frame let us consider a non-privileged frame Σ with the Cartesian coordinates Σ can be found in paper [3] . Furthermore, Maxwell's equations and the equations of motion of a charged particle in a electro-magnetic field in the frame Σ are derived in paper [3] . The experiments of Hoek and Fizeau give in the non-privileged frame Σ the same results as in the privileged frame ' Σ , i.e. they agree with the results of special relativity. The Doppler effect in the non-privileged frame Σ is also considered in paper [3] . Assume that the motion of the frame Σ relative to ' Σ is given by the constant velocity Here, ν is the frequency emitted by the same atom at rest in Σ . The more general case of the non-transverse Doppler effect can also be found in paper [3] . The result (2.7) can be rewritten for any constant velocities ( )
It is worth mentioning that the frequency formula (2.8) is in agreement with formula (2.6) where the velocity of an object in the non-privileged reference frame is compared with the corresponding one in the privileged frame. Non-privileged reference frames in the universe are studied in the papers [4, 5] .
Earth Flybys Anomaly
Doppler shift data of several spacecrafts shortly before and shortly after the nearest approach to the Earth are analysed. The measured Doppler shifts can not be explained without a small but significant velocity increase of some s mm / for some spacecrafts but there exist also spacecrafts with a small velocity decrease or with no velocity change. By virtue of the study of the spacecrafts near the closest approach to the Earth formula (2.8) for the transverse Doppler effect can be used. Formula (2.8) can be rewritten: Here, ϑ denotes the angle between the velocity ' w of the spacecraft and the negative velocity of the nonprivileged frame, i.e. the Earth relative to the privileged frame ' Σ in which the background radiation is isotropic.
The absolute value of the velocity of the Sun with regard to the privileged frame is approximately given by
with the direction of the Sun-CMB: Hence, the change of the angle ϑ during the motion of the spacecraft in the neighborhood of the nearest approach is very small. This is not surprising since the angle from the center of the Earth to the spacecraft shortly before and shortly after the closest approach is already small. In addition, the direction of the CMB anisotropy with regard to the motion of the spacecraft is important. The problem of the applicability of formula (3.3) is the knowledge of the angles a ϑ and b ϑ .
Other explanations of the Earth flybys anomaly can be found in the papers [7] [8] [9] [10] . Summarizing , the anomalous Earth flybys of some spacecrafts is explained as anomalous frequency shift in a non-privileged reference frame, namely that of the Earth. It is worth mentioning that in a previous paper [11] the anomalous acceleration of the Pioneers has been explained as frequency shift by considering the motion of the spacecrafts in the universe.
